gion. The 39 schizophrenic patients in that project showed greater amounts of delta induction than the 37 depressive patients as well as greater increases in mean integrated amplitude (MIA). However, the schizophrenic patients received on the average nine ECT and the depressives only seven and therefore it could not be determined whether length of treatment rather than diagnosis was the source of the difference.
In 1973 d' Elia had reported (2) that in a study of convulsive therapy of 18 depressives with integrated EEG measures before treatment and four days after, the left central-occipital signal showed a significant increase in the variance of its amplitude, while the variance of MIA on the right side was increased slightly but not significantly. The coefficient of variation (CV), the usual measure of variability with integrated EEG, dropped slightly.
Methods
To further investigate the matter of EEG changes, specifically those more pronounced in one hemisphere than the other, a study was conducted recently of 52 patients who were a consecutive sample of all patients assigned to ECT with a variety of clinical diagnoses. Once assigned to ECT, each was then randomly assigned to bilateral (BIL) electrode placement (29 subjects) or unilateral (UN I) non-dominant hemisphere stimulation (23 subjects). Dominance was determined on the basis of selecting that side which showed lower amplitude of occipital-parietal voltage in the pretreatment EEG.
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Can. Psychiatr. Assoc. J. Vol. 20 (1975) This paper reports EEG findings in a comparative study of unilateral and bilateral electroconvulsive therapy (ECT).
A previous study of EEG changes in 76 patients who received electroconvulsive therapy (ECT) has been conducted in this department (4) . It failed to show any appreciable correlations between the amount of EEG delta-wave activity induced by ECT and global measures of clinical improvement, the measurements being made of delta indices in the EEG before treatment and one week after. It thus failed to support the allegation made by Fink and Kahn in 1957 (3) that EEG monitoring might be a useful indicator of the adequacy of response to ECT in clinical practice. There were a few significant rank order correlations of change on some specific symptom items from the Brief Psychiatric Rating Scale (rated on the same days as the EEGs) and changes in the delta measures, but these made no recognizable pattern of clinical change and were smaller than .30. It was observed that with bilateral ECT, as employed on all cases in that project, greater delta induction occurred in the left temporal region than in the right, which has since been confirmed by Fink et al, (1) and by Small et at. (6) . The slowest frequencies also occurred in the left temporal re-Vol. 20, No.4
EEGs were recorded 24 hours before treatment and were repeated 24 hours following the 3rd, 4th, 5th, 6th and then after every two succeeding treatments including the last, then repeated one week and three weeks following the final treatment. As the clinician saw fit, patients received medications appropriate to their diagnostic category. ECT was given three times weekly and was discontinued by the clinician when he felt the patient had had the optimum number of treatments.
From the standard EEG clinical runs which included frontal-central, central-parietal, temporal-central and occipital-parietal leads from the left and right hemisphere, manual measurements were made of delta content (sec-, onds per minute of recording) slowest frequency and maximum amplitude voltage. In addition, the left and right occipital-parietal leads were integrated to yield the measures of MIA, CV and variance (VAR) for each hemisphere.
Random assignment yielded BIL-treated and UNI-treated groups which were generally com-parable in regards to sex distribution (with an overall preponderance of females), age, previous treatment history, concurrent medication, and number of ECT given in this project (median 8 for each group; mean 7.5 for BIL, 8.2 for UNI, t = 1.27, n.s.) -see Table I .
Results
Over the group of 52 patients as a whole, each of whom received at least five ECT, progressively increasing amounts of delta content (wave frequencies of less than 8 Hz) were observed. In the temporal-central leads the increases in delta content over the pre-ECT and the 3rd, 4th and 5th treatments significantly changed in a way which interacted with the type of ECT, UNI versus BIL, and with hemisphere, dominant (D) or non-dominant (ND). Three-way mixed design analysis of variance demonstrated greater increases of delta content with BIL-treatment than with UNI-treatment, the increases with BIL tending to be maximal on the dominant hemisphere while the increases with UNI tended to be maximal on the non-dominant hemisphere -on the side stimulated electrically (ABC interaction term F = 3.0 I, df 3 and ISO, p < .05). Changes in temporal delta content measured before ECT to one week after the last ECT were significant, replication of earlier findings (treatments main effect F = 111.93, df 1 and 43, p < .001), and the triple interaction with the type of ECT and with hemisphere still existed (ABC interaction term F = 17.12, df I and 43, p < .001), in those 45 subjects who had recordings before and one week after ECT. Figure I is a composite graph of these changes: the varying N on the x-axis indicates the number of patients on whom EEG studies were completed at eachpoint in the treatment series. The triple interaction terms were also significant for temporal delta induction changes on those Ns of patients who were measured at pre/ I week/3 week (post), 60 pre/last ECT/l week (post) and at pre/last/I week/3 week (post).
Similar changes were observed in the delta content scores from the frontal-central and the central-parietal leads (Figures 2 and  3) , and again the triple interaction of treatments with type of ECT and D-ND hemisphere was demonstrated, particularly with the pre/I week post changes (ABC interaction terms for these analyses being respectively frontal F = 14.74, df I and 44, p < .001, central F = 6.68, df I and 44, p < .05).
Other manual measures, of slowest frequency and of maximum voltage amplitude, also showed the triple interaction effect over treatments. Frequency slowing in the temporal-central leads was maximal with BIL ECT, more marked on the D hemisphere with BIL-treatment but more marked on the ND (treated) side with UNI at last treatment as compared with before and 1
week-post times (N = 45, ABC term F = 6.70, df 2 and 86, p < .01). Maximum ,
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Nd Nd Similar analyses were conducted on the quantitative integrated EEG measures. There were significant and progressive in- creases in MIA, tending to be more marked for BIL ECT over the group as a whole. CV, the usual measure of signal variability, where the deviation of amplitude measurements about their mean is corrected for the size of the mean, did significantly decrease over treatments, without there being any interaction with the D-ND or UNI-BIL factors. VAR (variance of amplitude measures about their mean) scores showed major increases across the group as a whole, progressive with the number of treatments, but not significantly different from pretreatment values at the 1 week post-ECT time; again, VAR changes did not significantly interact with the laterality or type of ECT factors. Further examination of the data and the finding in the previous study of the difference in degree of delta induction between schizophrenics and those with affective disorders (confounded by different numbers of ECT for each group) (4) resulted in a selection from the 52 subjects who were, from the clinical records, definitely schizophrenic (N = 17) or clearly and primarily depressed in an endogenous sense (N = 19), and who had all received at least 6 ECT with EEG studies, as well as a 1 week post-EflT recording. Patients with schizoaffective disorders, mania, neurotic depression, and other complications of personality disorders were excluded. The diagnostic grouping was done with the psychiatrist unaware of individual patients' EEG scores. The two groups thus formed were not significantly different in sex distribution, number of prior admissions, or total number of ECT given on this occasion. As might be expected, the depressives were significantly older (mean 45 years) than the schizophrenics (mean 31). The two groups t To test whether the degree of delta induction related to age. or to concomitant drug therapy. rather than to diagnosis, correlations were calculated: Age X Delta increase, r = -.07, N.S.;
Phenothiazine X Delta increase. r = .21, P < .05. Those four depressives who received BIL ECT with concomitant phenothiazine dosage only, compared to those four schizophrenics similarly treated, showed increases in frontal-central delta from 2 sec./min. to 31.4 after the 6th ECT, while the schizophrenics increased from 15.8 to 56.4 secs.fmin. While this change is greater for the schizophrenics, their pretreatment values were also higher, and it cannot be stated that higher phenothiazine dosage may not again be contributing to the greater delta induction by ECT in the schizophrenia group.
were also given different drugs concurrently with ECT -phenothiazines more frequently to the schizophrenics, dibenzazepines to the depressives.
A three-way mixed design analysis of variance was then applied, examining factors of diagnosis (schizophrenic versusdepressive) and type of ECT over the first six treatments to one week follow-up, scores being averaged for the two hemispheres. Central-parietal delta induction was greater over the. six treatments for the schizophrenics than the depressives, and remained higher at one week post-treatment (diagnosis by treatments term F = 2.60, df 5 and 160, p < .05). The type of treatment again showed a significant difference in amount of delta induced (BIL versus UNI term F= 5.18, df 5 and 160, p < .01) over both diagnostic groups. Similar differences appeared in the frontal-central leads in regards to the difference in amount of delta frequency induction in the schizophrenics as compared to the depressives, and a similar, but not significant, trend was found in the temporal-central leads. No significant triple interactions were demonstrated -the type of ECT administered did not influence differentially the greater delta induction in the schizophrenics (Figures 4 and 5 ). t
The scores of CV were depressed significantly for the depressive group, the change appearing after the 3rd ECT and persisting through the one-week posttreatment recording (F = 3.35, df 5 and 76, p < .01) while they did not change in any significant way for the schizophrenics. MIA increased progressively with treatments for both diagnostic groups, remaining significantly elevated above pretreatment scores at one week post-treatment only in the schizophrenic group.
The VAR measure changed over treatments, in a way that reflected the interacting effects of diagnosis and laterality. With UNI treatment in the depressives, the nondominant hemisphere (the side stimulated) showed major increases in VAR and the dominant hemisphere also showed large increases ( Figure 6 producing more of an increase on both sides; it was also significant with the schizophrenics (F = 2.93, df 5 and 75, p < .05), BIL-treatments producing an increase in VAR on both sides, but UNI no change on either hemisphere. The triple interaction of diagnosis over the two groups, with UNI-BIL-treatment methods (sides averaged) (F = 3.10, df 5 and 160, p < .025),
shows greater increase of VAR with BILtreatment for the schizophrenics than the depressives, while with UNI-treatment the depressives. show greater increases than with BIL-treatment (the schizophrenics show no changes with UNI-treatments).
Discussion and Conclusions
The marked and progressive induction of EEG delta frequencies by ECT appears to be the most sensitive discriminator of the lateralized electrophysiological changes produced by bilateral and unilateral nondominant ECT. The observations that these changes, along with the changes in maximum voltage and slowest frequency measures, persist one week after the last ECT confirm previous findings (4) . The greater degree of these changes on the D hemisphere with BIL-treatment, and on the ND with UNI-treatment confirm the findings of Small et al. (6) . MIA does not discriminate the lateralized effects of the two types of ECT as clearly, indicating that the eyeball detection of wave content change yields more information than mean amplitude measurement.
This study also confirms the finding of d'Elia and Perris that the measurement of variance of the signal amplitude (VAR) increases from pretreatment to four days post-treatment, at least for the depressives in this population (d'Elia and Perris studied only depressives); however, in this study the increase is shown to occur on both hemispheres with BIL-treatment while d'Elia and Perris observed it only on the left. Thus their conclusion that there is more pronounced involvement of the dominant hemisphere in depressive states cannot be supported. Also, it is of interest that in the present sample as a whole, the increases in VAR were no longer significant one week post ECT.
In studying the differences in the EEG changes of the two diagnostic groups, selected to be as homogeneous as possible for schizophrenia and endogenous depression, it is interesting to observe that delta induction occurs to a greater degree in the schizophrenics, and persists longer, even though for both groups BIL induces more delta than UNI, and in spite of no important differences being found in the global degree of clinical response across diagnoses, or for UNI versus BIL treatment (5) . The delta induction difference between the diagnostic groups has been shown not to depend simply on concomitant phenothiazine drug therapy, but it cannot be established from these data whether it is related to, or confounded by, differences in phenothiazine dosage level (the schizophrenics receiving higher doses, and all schizophrenics receiving some phenothiazine medication with ECT).
Insofar as the variance of amplitude measure (VAR), introduced by d'Elia and Perris (2) , may come to be accepted as an indicator of important ECT-induced neurophysiological changes in the cerebral hemispheres, the differences with UNItreatment and BIL treatment in the two diagnostic groups may be theoretically important and should lead to more definitive research. That the 17 schizophrenic patients showed an increase in VAR from both hemispheres only with BIL-treatment suggests that UNI non-dominant treatment in schizophrenia may be relatively ineffective neurophysiologically. The marked bilateral changes in VAR with UNItreatment as well as significant bilateral changes with BIL-treatment in the 17 depressive patients may indicate the neurophysiological importance of 'direct ND hemisphere stimulation in depression, either by bilateral or non-dominant unilateral treatment.
Resume
L'induction marquee et progressive des frequences EEG delta, obtenue par therapie electroconvulsive (TEC) , semble etre le discriminant Ie plus sensible des changements electro-physiologiques lateralises produits par TEC bilaterale et unilaterale non dominante. On constate que ces changements et les modifications des mesures de voltage maximum et de plus faible frequence persistent une semaine apres la derniere TEC, ce qui confirme les observations anterieures (4) . Les changements sont plus importants pour I'hernisphere dominant avec traitement bilateral (BIL) et pour I'hemisphere non dominant avec traitement unilateral (UNI), ce qui corrobore les conclusions de Small et al. (6) . L'amplitude moyenne integree (AMI) ne discriminant pas aussi clairement les effets lateralises de deux types de TEC, on peut en conclure que la detection du changement de la nature de l'onde du globe oculaire apporte plus d' information que la mesure de I'amplitude moyenne.
Cette etude confirme en outre la constatation de d'Elia et Perris: la mesure de la variation de l' amplitude du signal (VAR) Chez les dix-sept schizophrenes, on a note une augmentation de VAR des deux hemispheres, mais seulement apres traitement BILateral. On peut done penser que Ie traitement UNIlateral non dominant, applique dans les cas de schizophrenie, peut etre relativement inefficace au point de vue neurophysiologique.
Chez les dix-sept depressifs, les modifications bilaterales prononcees de VAR avec traitement UNI et les grands changements bilateraux avec traitement BIL, peuvent traduire l'importance neurophysiologique, dans les cas de depression, de la stimulation directe de I'hernisphere non dominant, tant par traitement bilateral que par traitement unilateral non dominant.
From the brain, andfrom the brain only, arise our pleasures, joys, laughter and jests, as well as our sorrows, pains, griefs and tears .... It is the same thing which makes us mad or delirious, inspires us with dread or fear, whether by night or by day, brings sleeplessness, inopportune mistakes, aimless anxieties, absent-mindedness and acts that are contrary to habit. These things that we suffer all come from the brain, when it is not healthy, but becomes abnormally hot, cold, moist, or dry.
The Sacred Disease
Hippocrates 469-399 B.C.
